.
Chemical constituent concentrations in air and snow in the Arctic area show a distinct seasonal pattern caused by a variation in long-range atmospheric circulation in high and midlatitude areas (9, 10) . Airborne sulfate and several trace metals of crustal and anthropogenic origin show strong peaks in spring; this is known as Arctic haze (9, 110) . In the Antarctic, a seasonal pattern of crustal, marine, and sulfate aerosol concentration has been reported at the South Pole (11) (12) (13) and at a coastal region (14) with a maximum for the crustal and sulfate species and with a minimum for the marine component during austral summer. But there are few studies of snow in Antarctica that clarify autumn-spring peaks of Pb in the east coast of the Antarctic Peninsula (15) and summer peaks of NO3-and so42-concentrations at Mizuho Station (16) . However, available data sets for long-and short-term changes in chemical components in Antarctic snow are still limited.
Chemical constituent concentrations in air and snow in Arctic and Antarctic areas are extremely low. Previous analyses of trace elements in polar snow have been carried out by graphite furnace atomic absorption following a preconcentration in a clean room (1, 2, 4, 5, 14) . After the introduction of inductively coupled plasma-mass spectrometry (ICP-MS), which is a well established powerful technique for the determination of trace elements, it becomes possible to determine as many as 40 elements at detection limits of below the order of parts per trillion (ppt) (17, 18) . The present data set, however, is probably one of the most extensive so far reported for trace elements in precipitation in the Antarctic (Fig. 1) . The S0r Rondane Mountains are situated several hundred kilometers south of the station. At the station, katabatic winds prevail with the mean wind speed of 12.6 m/sec in an east southeast direction (19) . Net accumulation of snow over January to November 1991 at the station was estimated as 35 cm by the snow stake method (19) ; the deviation of the stake measurements was within 10 cm in the period of this study (19. Chemical analysis. Snow samples were collected in specially prepared polyethylene bottles, which had been thoroughly washed with nitric acid and distilled water. The samples were kept frozen until the analytical stage. Sample pretreatment, such as preconcentration or filtration, was not performed. Two sets of running conditions of ICP-MS (ELAN 6000, Perkin Elmer, Osaka, Japan) were used. For the analyses of Ca, Mg, K, and Al, the RF power was 1000 W and the nebulizer gas flow rate was 0.725 1/min; for all other elements, the RF power was 600 W and the rebulizer gas flow rate was 1 1/min. Sampling cones and skimmer cones were made of Pt. Ultra pure water (Tamapure-100) and ultra-high purity nitric acid prepared for the semiconductor industry, both provided by Tama Chemical Industry Co., Ltd (Tokyo, Japan) were used throughout the experiments. Dilutions were carried out on a clean bench with teflon-coated volumetric ware. We analyzed the standard reference material SRM1643c provided by the National Institute of Standards and Technology for the selected elements (17) . Concentrations obtained by this method were in good agreement with the certified values for all the elements'examined (17) .
Besides major and trace metals, we also measured C1, s042-, and NO3-concentrations in drift snow by ion chromatography (SHIMADZU HIC-6A, SHIMADZU, Japan).
Results and Discussion
Sodium is often referred to as the marine reference element. The seasonal trend for Na shows a transient increase in early October, which is superimposed on a slowly increasing background from winter to summer (Fig. 2) . Previous meteorological studies have shown that meridional long-range air transports from the surrounding oceans become prominent in September to October (20, 21) . Since a transient increase in wind speed was observed in the period of [5] [6] [7] [8] October in the present study (13) Aluminum, a crustal reference element, shows a strong peak in late September and early October (Fig. 2) . The second peak of Al coincides with the Na peak. Except Na and Se, all of the elements examined have a significant correlation with Al (Tables  1-3 (6) (7) (8) . The sublimation process could not explain this trend very well because a maximum sublimation was thought to occur in mid-to late December, when the daily solar radiation showed its maximum (32) . NO3-versus nss SO42-concentration shows posi- (35) .
Lower tropospheric ozone followed a prominent seasonal change of winter maximum and summer minimum, which is very close to results of surface ozone measurements (36) (37) (38) . It has been suggested that the intrusion of stratospheric ozone into the troposphere occurs over Syowa Station throughout the year and that air with low ozone concentration is transported from subpolar or middle latitudes to Antarctica through the lower troposphere from spring to early autumn.
In summary, a bulk deposition of most of the elements and non-sea salt sulfate could be transported by a long range air transport process or polar stratospheric precipitation in austral spring at Asuka Station. Particularly, it reflects the atmospheric peculiarity of austral spring in 1991, characterized by volcanic emissions of Mt 
